ABSTRACT Noyes [Noyes, R. M. (1981) Proc Noyes (1) has addressed the issue of the behavior of the Gibbs free energy per unit mass, G, of a chemically reactive system in a steady state (subscript ss) in a continuous flow stirred tank reactor. He obtained the conclusion that G.8 is a monotonically decreasing function of the residence time for stable stationary states. In this article we prove that his derivation is based on an inappropriate criterion of stability. His conclusion is obviously correct in the limits of equilibrium-i.e., for large residence time-and very far from equilibrium-i.e., for very short residence time-but it is not true in general. To show this we first investigate the problem generally for the case of mass-action kinetics and ideal mixtures; the details are given in the Appendix. Its result is then applied to Schlbgl's trimolecular reaction and a numerical plot is presented that shows the contradiction to Noyes' conjecture.
Noyes (1) has addressed the issue of the behavior of the Gibbs free energy per unit mass, G, of a chemically reactive system in a steady state (subscript ss) in a continuous flow stirred tank reactor. He obtained the conclusion that G.8 is a monotonically decreasing function of the residence time for stable stationary states. In this article we prove that his derivation is based on an inappropriate criterion of stability. His conclusion is obviously correct in the limits of equilibrium-i.e., for large residence time-and very far from equilibrium-i.e., for very short residence time-but it is not true in general. To show this we first investigate the problem generally for the case of mass-action kinetics and ideal mixtures; the details are given in the Appendix. Its result is then applied to Schlbgl's trimolecular reaction and a numerical plot is presented that shows the contradiction to Noyes' conjecture.
Consider a continuously stirred flow tank reactor that operates at constant temperature and constant volume. If the reaction takes place in a (incompressible) fluid we also have constant pressure conditions. Reactants of given concentrations xo = (X1O, ..., XN0) and thus given Gibbs free energy/mass, G', are fed into the reactor at a constant flow rate ko. This flow rate is the volume fraction that both enters and leaves the reactor per unit time or equivalently it is the inverse of the average residence time of the chemicals in the reactor.
We assume that the chemical system in the reactor is at equilibrium with respect to all degrees of freedom except concentration of species. Then we can assign a free energy to the system and its change in time G = ko(G0-G)-v, [1] where ko(G0 -G) is the change due to input and output in the reactor. The term v is a positive quantity (1) and denotes the change due to the irreversible processes of mixing and reaction. In a steady state the value of G is then given by Gss =Go -k v. ko [2] For [3] and he assumes that Eq. 3 is a general criterion for local stability.
We disagree with his assumption; to disprove it we first notice that the derivative in Eq. 3 is not well defined, which can be seen in the following way: let x = (xl, ..., xN) be the independent concentrations of the chemical species in the reactor.* The reactor then has a free energy which is a unique function of state G = G(x) (with neglect of the notation of constant temperature and pressure). In a steady state we can express G('T the free energy/mass in the nth steady state, as a function of input flux ko and input concentrations xO. We are interested in varying ko only at constant xo and hence we omit that dependence and write G n') = G(n) (ko).
We now consider a small fluctuation from the stable steady state. The response of the free energy/mass is then given by G = gradG(x).i(xko) = G(x,ko).
[4]
In principle, at least, we may eliminate any arbitrary xi by inverting G = G(x) to give xi xi(G,xjsi) and insert that into G(xdjo). * By independent we mean that we have used, for example, mass conservation in the reactor to eliminate one of the concentrations. We require that the total mass in the reactor remains constant throughout because otherwise the change of free energy in the reactor depends on the arbitrary zero point of energy.
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But it is not necessary that (axi Xr)s Ss for each component i. One may also interpret the partial derivative as taken along a trajectory starting at an initial point x0 given by the perturbation. Then Eq. 3 would be equivalent to d(t,koxo)/0tkoxo) < 0, which again is neither necessary nor sufficient for stability.; As above, this can be seen by taking xi instead of G: along a trajectory approaching a stable focus the quantity xi/i, keeps on changing its sign forever.
Noyes k2 The concentrations a of A and b of B are not fixed in a continuous flow stirred tank reactor but we rather have constant inputs of A and B. All of the species X, A, and B are also removed from the reactor at a rate proportional to their concentration in the reactor. Thus we have the dynamical equations x= kiaxY -k'x3 -k2x + k~b -kox d = -kiax2 + klx3 + ko(a0 -a) b = k2X-4b + ko(bo -b).
(System S)
As will be outlined elsewhere this system exhibits a number of surprisingly complex features. For our present purposes it is sufficient to have only an input of A and thus we put bV = 0. ' [7] with h2 = ko + k' and h2 = ko + k2 + k2'
The points x88(ko) represent the stable thermodynamic branch which exists from ko = 0 to a critical k' beyond which the square root in Eq. 7 becomes imaginary. In that region only the flow branch x88 0 exists.
In Fig. 1 dko 88 As mentioned in the text we assume that the total mass M of the reactor contents does not change-which is true if the volume V of the reactor does not change. If N is the number of different species and F = rank (v) is the number of independent reactions we generally have N -F -1 independent vectors a(k) which solve vTa(k) = 0 in addition to w. Multiplying Eq. Al by a(k) or w we see that we have N -F independent linear relations between the components of x88: a(k)xss = a(k)xO and wx,, = wxo.
[A4]
Comparing with the equilibrium condition v"Il"I = 0 we notice that Wi must be a linear combination of the a(k) and w:
= + E tka(k). =-(eW Assl(xssI-T)), [A6] where e has components (, = In ". In contrast to Eq. 5, Eq. A6 gives -as an explicit function of the reaction mechanism dko and the stationary point x85
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